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TERMINAL DEVICE

(57)  Provision is made for obtaining a high-quality
image with noise, such as ringing, reduced.

An image processing device includes an image cor-
rection means for applying image-shake correction
processing to an input image; a correction-image char-
acteristic detection means for detecting a characteristic
of a correction image obtained through the image-shake

IMAGE PROCESSING DEVICE, IMAGE PROCESSING METHOD, AND INFORMATION

correction processing; a first characteristic-determina-
tion means for outputting selection information, based on
a characteristic-detected correction image obtained
through detection of the characteristic of the correction
image; and an image outputting means for outputting the
input image or the correction image, based on the selec-
tion information. As a result, it is made possible to obtain
a high-quality image with noise reduced.
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Description
TECHNICAL FIELD

[0001] The present invention relates to an image processing device and an image processing method for reducing
the effect of a hand jiggle at the time instant when an image is captured, a jiggle caused by a movement of the image-
capturing system itself, or the like. The present invention can be applied, for example, to an image-capturing device
mounted in an information terminal apparatus such as a mobile phone or a PDA (Personal Digital Assistant), a digital
still camera, a digital movie camera, and the like.

BACKGROUND OF THE INVENTION

[0002] To date, a phenomenon has been known in which, when a photographic subject is shot with a silver-salt-film
camera or a digital still camera held in hands, the camera shake due to a hand jiggle causes such deterioration as shifts
the captured image in the hand-jiggle direction.

[0003] In order to correct the foregoing image deterioration due to a jiggle, a method in which image capturing is
performed by driving the optical system so as to reduce an image shake and a method in which image processing is
performed by use of a hand-jiggle amount obtained through an angular-velocity sensor or the like so as to reduce an
image shake have been proposed (e.g., refer to Patent Document 1).

[0004] Patent Document 1: Japanese Patent Application Laid-Open No. 1994-27512 (Page 7 and FIG. 1).

SUMMARY OF THE INVENTION

[0005] However, the image-shake correction method through image processing may cause noise, such as ringing, in
a corrected image, thereby further deteriorating the image quality. In particular, in the case where image processing is
applied to an image having a large image-shake amount, such deterioration becomes remarkable. The present invention
has been implemented in consideration of the foregoing problem; it is the objective of the present invention to obtain an
image with noise reduced, with an image processing device in which an image shake is corrected through image
processing.

[0006] Animage processing device according to the presentinvention includes an image correction means for applying
image-shake correction processing to an input image; a correction-image characteristic detection means for detecting
a characteristic of a correction image obtained through the image-shake correction processing; and an image outputting
means for outputting the input image or the correction image, based on a result of the detection.

[0007] According to the present invention, an image in which noise such as ringing is reduced can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008]

FIG. 1 is a block diagram illustrating the configuration of an image processing device according to Embodiment 1
of the present invention;

FIG. 2 is a chart representing edge components, in the horizontal direction, of an image;

FIG. 3 is a chart representing edge components, in the vertical direction, of an image;

FIG. 4 is graphs each representing the distribution of an edge-detected correction image;

FIG. 5 is a block diagram illustrating the configuration of an image processing device according to Embodiment 2
of the present invention;

FIG. 6 is graphs each representing the distribution of an edge-detected input image;

FIG. 7 is a block diagram illustrating the configuration of an image processing device according to Embodiment 3
of the present invention; and

FIG. 8 is a block diagram illustrating the configuration of an image processing device according to Embodiment 4
of the present invention.

EXPLANATION OF REFERENCE CHARACTERS
[0009]

10, 20, 30, and 40: IMAGE-PROCESSING DEVICE
101: INPUT-IMAGE FRAME MEMORY
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102: IMAGE CORRECTION MEANS

103: CORRECTION-IMAGE FRAME MEMORY

104: CORRECTION-IMAGE EDGE DETECTION MEANS

105: FIRST EDGE DETERMINATION MEANS

106: IMAGE OUTPUTTING MEANS

204: INPUT-IMAGE EDGE DETECTION MEANS

205: SECOND EDGE DETERMINATION MEANS

307: FIRST SELECTION-INFORMATION CHANGING MEANS
407: SECOND SELECTION-INFORMATION CHANGING MEANS
408: FIRST GAIN CONTROLLER

409: SECOND GAIN CONTROLLER

411: ADDER

BEST MODE FOR CARRYING OUT THE INVENTION
Embodiment 1

[0010] The presentinvention will be explained in detail below, with reference to the drawings that show its embodiments.
[0011] Based on information about a correction image obtained by applying image processing to an input image, an
image processing device 10 according to Embodiment 1 selects and outputs the input image or the correction image so
as to reduce ringing or the like caused by the image processing.

[0012] In other words, an image shake may be caused in the input image. In contrast, in the correction image obtained
by applying image processing to the input image, the image shake is reduced; however, the image processing may
cause noise such as ringing. In an image processing device according to Embodiment 1, a pixel, in the correction image,
determined to include noise is replaced by a pixel in the input image so as to’ reduce noise in an output image.

[0013] FIG. 1is a block diagram illustrating the configuration of an image processing device 10 according to Embod-
iment 1. In FIG. 1, in the first place, an input image obtained through a camera, an image-capturing element, or the like
is inputted to and stored in an input-image frame memory 101. Next, the input image outputted from the input-image
frame memory 101 is inputted to an image correction means 102 where image processing for image-shake correction
is applied to the input image. In addition, the image-correction algorithm of the image correction means 102 will be
described later.

[0014] An image obtained through the correction processing in the image correction means 102 (referred to as a
"correction image", hereinafter) is inputted to and stored in a correction-image frame memory 103. Additionally, the
correction image outputted from the correction-image frame memory 103 is inputted to a correction-image edge detection
means 104 where edge components in the correction image are detected. In addition, edge detection processing in the
correction-image edge detection means 104 will be described later.

[0015] The correction image from which edge components have been detected (referred to as an "edge-detected
correction image") is inputted to a first edge-determination means 105. Based on information about the edge-detected
correction image, the first edge determination means 105 determines, for each pixel, whether the edge is the original
edge of the image or noise such as a pseudo edge which is not the original edge, and then outputs the determination
result to an image outputting means 106. In addition, the pixel that has been determined not to be the original edge of
the image may be a constituent portion of a picture pattern or a flat portion in the picture pattern. Edge determination
processing in the first edge-determination means 105 will also be described later.

[0016] Based on the determination result inputted from the first edge-determination means 105, the image outputting
means 106 selects, for each pixel, the input image or the correction image and outputs the selected image as an output
image, so as to perform image output processing.

<Ilmage-Correction Means>

[0017] Next, the details of the processing in each constituent element will be explained. In the first place, the image
correction means 102 will be explained. The image correction algorithm of the image correction means 102 according
to Embodiment 1 utilizes an inverse filter derived from the least square method with constraint conditions. In other words,
the image correction algorithm is characterized by utilizing an impulse response function that indicates an image-shake
amount and an inverse filter, of the impulse response function, which is calculated from the impulse response function.
On this occasion, the algorithm for the inverse filtering may be what solves a problem of minimizing the square norm of
an image whose characteristic is extracted. In addition, the square norm is what is calculated as the sum of the squares
of the elements of a vector. Additionally, in Embodiment 1, as a characteristic amount, edge information extracted through
a Laplacian operator is employed. That is to say, the image correction means 102 calculates an image-shake correction



10

15

20

25

30

35

40

45

50

55

EP 1 876 564 A1

image, as a solution of a problem of minimizing the square norm of edge information extracted by means of the Laplacian
operator.

[0018] In addition, in order to calculate the inverse filter of an impulse response function, it is required to preliminarily
calculate the impulse response function. The method of calculating the impulse response function may be a method of
performing mathematical presumption based on two images captured with different shutter speeds or a method of
performing the calculation by processing a physical signal obtained through an acceleration sensor or the like. In Em-
bodiment 1, the detailed explanation for the method of calculating the impulse response function will be omitted.
[0019] Next, a specific method in which, after the impulse response function is calculated, a correction image is
obtained from an input image will be explained.

[0020] In the first place, the input image and the correction image are each rendered in a vector-matrix representation,
by use of a mathematical image model represented by Equation (1). In Equation (1), (i, j) indicates the position of a pixel;
in the case of an image having a size of M pixels in the vertical direction of a frame and N pixels in the horizontal direction
of the frame, "i" and "j" are integer values, i.e.,i=1, ---, Mand j = 1, ---, N, respectively.

L X
tz'fj = Z thlsi—k.j—l T Vi, K2

l=—Lk=-K

[0021] In addition, it is assumed that Sij is a pixel signal for an image in which an image-shake has been reduced,
i.e., a correction image, ti; is a pixel signal for an image in which an image-shake has been caused, i.e., an input image,
Vij is an additional-noise component produced during image capturing, and hy | is an impulse response function that
indicates an image-shake amount. Additionally, it is assumed that (2K + 1) calculated from "K" is the order, in the vertical
direction of the frame, of the impulse response function, and (2L + 1) calculated from "L" is the order, in the horizontal
direction of the frame, of the impulse response function. In this regard, however, it is assumed that the respective average
values of the input image and the correction image are zeroes.

[0022] This assumption can be calculated by, based on pixel signals for each image, calculating the average value
of the image, i.e., the bias value of a captured image obtained through an image-capturing element, and by subtracting
the bias value from all the pixel signals. Furthermore, assuming that the expected value is equal to the average value
(ergodic), E[*], as what represents the expected value of "+", can be represented by the following equation: E[si_j] 1=0
[0023] E[ti‘j] = 0 Additionally, it is assumed that additional noise Viyj has a nature that E[Si’jvia_ja] = O(ia and ja are
arbitrary numbers). This assumption is an assumption derived from the fact that additional noise is almost independent
of an image to be captured.

[0024] Next, the elements, to be obtained, of the correction image and the input image are extracted in a lexicographic
array so as to be defined by "Vs" and "Vt" as column vectors, and a matrix corresponding to the impulse response
function is represented by "H". In addition, as is the case with the impulse response function, the Laplacian operator is
represented by a matrix, i.e., "C". On this occasion, the matrices "H" and "C" are block Toeplitz matrices; therefore,
because approximate diagonalization can be performed by approximately utilizing the two-dimensional discrete Fourier
transformation (referred to as "DFT", hereinafter), high-speed computing processing can be carried out. By utilizing the
foregoing mathematical quantities, an edge-extraction amount J, extracted, by use of a Laplacian operator, from the
input image can be represented as in Equation (2).

2

(2)

J,=|Cvs

[0025] Here, denotes the second norm of "". In general, in an image, the correlation between adjacent pixels is
large and the edge-extraction amount is small; therefore, minimization of J, represented by Equation (2) may be performed
by use of the least square method with constraint conditions. As the constraint condition in this case, Equation (1) is
held in the input image; thus, it is conceivable that, as the power of the additional noise, the relationship represented by
Equation (3) exists. Accordingly, by solving the minimization problem in which the constraint condition of Equation (3)
is added to Equation (2), correction of an image can be performed.
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"vr — Hvs

|2 q

= p? @

[0026] The evaluation function to be finally minimized can be represented as in Equation (4), letting y denote the
reciprocal of the Lagrange’s undetermined multiplier.

2

J = vt — Hvs|[ -+ Cus| @

[0027] After that, by partially differentiating Equation (4) with respect to the correction image vs to be obtained, the
presumed value vss of the correction image to be obtained can be represented as in Equation (5).

vss =(H'H +x"OY'"H vt~ ®

[0028] In this situation, because Equation (5) includes large-size block Toeplitz matrices, a large amount of calculation
is required to obtain a precise solution. However, by performing approximate diagonalization by use of DFT matrices,
the solution can be obtained with a practical amount of calculation.

[0029] In addition, the superscript "T" notated above and immediately to one side of each variable in Equation (5)
indicates the matrix transposition. Additionally, the respective vector elements obtained by applying the DFT to the
correction image vs and the input image vt are represented by VSS(v4, v,), T(v4, v5); the respective diagonal elements
of the matrices obtained by approximately diagonalizing the matrices "H" and "C" by use of the DFT matrices are
represented by H((v4, v,), C(v4, v,). Here, vy and v, (vq = vqy -, viM and v, = vy -, Vo) are a spatial frequency
component in horizontal direction and a spatial frequency component in vertical direction, respectively.

[0030] By utilizing these mathematical quantities, the correction image in the DFT domain is given by Equation (6).

H*("n"z)

. : =T (v,,v,)(H*: complex conjugation) (6)
|H (vl +7 | Cov) ( ‘ '

F8S(v,,v,) =

[0031] Accordingly, the correction image can be calculated by applying the two-dimensional discrete Fourier trans-
formation to VSS(v4, vy).

[0032] As described above, in Embodiment 1, as the image-correction algorithm in the image correction means 102,
the foregoing method is utilized; however, for example, the methods set forth in the following literatures may be used.

Literature 1: "Digital Image Restoration" written by H. C. Andrews et al., published by Prentice Hall

Literature 2: "Probability System Theory III" written by Sueo Sugimoto, Chapter Il edited by Yoshifumi Sunahara,
published by Asakura Shoten

Literature 3: "Fundamentals of Digital Image Processing" written by Anil K. Jain, published by Prentice Hall
Literature 4: "Image Processing Algorithm" written by Tsuneo Saito, published by Kindaikagaku

<Correction-Image Edge Detection Means>

[0033] Next, the correction-image edge detection means 104 will be explained. The correction-image edge detection
means 104 performs edge detection processing for detecting edge components in a correction image. In addition, a
correction image is a color image; however, the correction-image edge detection means 104 in Embodiment 1 applies
the edge detection processing to the luminance signal for a correction image. Additionally, the edge detection processing
is performed in the horizontal direction as well as in the vertical direction.

[0034] An example of a horizontal-direction edge component in an image and an example of a vertical-direction edge
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component are illustrated in FIGS. 2 and 3, respectively. In addition, the horizontal-direction edge component indicates
an edge extending approximately in the horizontal direction, and the vertical-direction edge component indicates an
edge extending approximately in the vertical direction.

[0035] In the first place, the detection processing for a horizontal-direction edge component will be explained. In the
correction-image edge detection means 104 according to Embodiment 1, a Sobel filter "H" represented by Equation (7)
is utilized to detect a horizontal-direction edge component. That s to say, filtering processing through the filter represented
by Equation (7) is applied to the luminance signal for each of pixels in a correction image, so that a horizontal-direction
edge component ImgH1 is obtained for each pixel.

1T 2 1 4
H=10 0 0 (7)
-1 -2 -1

[0036] Similarly, a Sobel filter "V" represented by Equation (8), i.e., the transpose H’ of the matrix "H" represented by
Equation (7) is utilized to detect a vertical-direction edge component. That is to say, the filtering processing through the
filter represented by Equation (7) is applied to the luminance signal for each of pixels in a correction image, so that a
vertical-direction edge component ImgV1 is obtained for each pixel.

0
0 -2 | (8)
0 A .

[0037] After obtaining the horizontal-direction edge component ImgH1 and the vertical-direction edge component
ImgV1 for each pixel, the correction-image edge detection means 104 outputs an edge-detected correction image ImgS1
represented by Equation (9). As represented by Equation (9), the edge-detected correction image ImgS1 is the absolute
sum, for each pixel, of the horizontal-direction edge component ImgH1 and the vertical-direction edge component ImgV1.

ImgS1=abs(ImgHI1)+abs(ImgV1) . (9)

<First Edge Determination Means>

[0038] Next, the first edge determination means 105 will be explained. The first edge determination means 105 per-
forms, for each of pixels in an edge-detected correction image, edge determination processing for determining whether
a specific pixel includes noise or whether the specific pixel is a pixel for the original edge portion of the image.

[0039] The edge determination processing by the first edge-determination means 105 is performed in such processing
as described below. Firstly, as represented by Equation (10), the edge-detected correction image ImgS1 and a first
threshold value thre_res are compared. After that, in the case where the edge-detected correction image ImgS1 is
smaller than the first threshold value thre_res, the pixel is determined to be noise or a pseudo edge such as ringing. In
contrast, in the case where the edge-detected correction image ImgS1 is larger than the first threshold value thre_res,
the pixel is determined to be an original edge portion of the image.

- ImgS1 <thre_res | (10)

[0040] Inthe case where the edge-detected correction image ImgS1 is smaller than the first threshold value thre_res,
i.e., in the case where the pixel is determined to be noise or a pseudo edge such as ringing, the first edge-determination
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means 105 outputs a pixel value "1" for the pixel. In addition, in the case where the edge-detected correction image
ImgS1 is larger than the first threshold value thre_res, i.e., in the case where the pixel is determined to be an original
edge portion of the image, the first edge-determination means 105 outputs a pixel value "0" for the pixel. In other words,
what is outputted from the first edge-determination means 105 is a binarized image, which is binarized. The image
outputting means 106 described later utilizes the binarized image, as image-selection information.

[0041] In addition, the first threshold value thre_res for the edge determination processing may be a predetermined
constant or may be decided based on image information such as the image storing format, the size of an image file, or
the contents of an image.

[0042] Methods of deciding, based on the contents of an image, the first threshold value thre_res include, for example,
amethod in which, as represented in FIGS. 4(a) and 4(b) with the ordinate denoting the number of pixels and the abscissa
denoting the edge-detected correction image ImgS1, the distribution of the edge-detected correction image ImgS1 is
obtained so as to decide the first threshold value thre_res. In each of FIGS. 4(a) and 4(b), pixels in the region 1 that is
situated to the left of the first threshold value thre_res are determined to be noise or pseudo edges such as ringing;
pixels in the region 2 that is situated to the right of the first threshold value thre_res are determined to be original edge
portions of the image. In addition, in an experiment, an excellent result was obtained when the first threshold value thre_
res was decided in such a way that approximately 10% of all the pixels that configure an image fell within the region 1.
In this regard, however, the proportion of pixels that fall within the region 1 may adaptively be decided based on the
distribution shape of the edge-detected correction images ImgS1 or a statistic quantity such as the average value of the
edge-detected correction images ImgS1.

[0043] Additionally, a method in which the first threshold value thre_res is decided based on a function of an image-
shake amount may be utilized. For example, as Equation (11), the first threshold value thre_res is decided by the image-
shake amount "x" and a coefficient "k". In addition, a function, of an image-shake amount, other than the function
represented by Equation (11) may be utilized.

thre_res =k *x . (11)

<Image Outputting Means>

[0044] Next, the image outputting means 106 will be explained. By utilizing, as selection information, the binarized
image outputted from the first edge-determination means 105, the image outputting means 106 performs the image
output processing for selecting and outputting, for each pixel, the input image or the correction image.

[0045] As described above, the first edge-determination means 105 outputs the pixel value "1" for the pixel that is
determined to be noise or a pseudo edge such as ringing. Additionally, the first edge-determination means 105 outputs
the pixel value "0" for the pixel that is determined to be an original edge portion of the image.

[0046] Based on the foregoing pixel values, the image outputting means 105 selects, for the pixel corresponding to
the pixel value "1", the input image stored in the input-image frame memory 101 and as an output image, outputs the
selected input image.

[0047] Incontrast, the image output means 106 selects, for the pixel corresponding to the pixel value "0", the correction
image stored in the correction-image frame memory 103 and as an output image, outputs the selected correction image.
[0048] As discussed above, for the pixel having the pixel value "1", i.e., the pixel that may include noise or a pseudo
edge such as ringing caused through image processing, not a correction image but an input image is selected and
outputted, whereby noise can be eliminated. Additionally, for the pixel having the pixel value "0", i.e., the pixel that is
determined to be an original edge portion of the image, the image-processed correction image is outputted, whereby
an image shake that has been caused in the input image can be reduced.

[0049] As described above, based on information about the correction image obtained by applying image processing
to an input image, the image processing device 10 according to Embodiment 1 selects and outputs the input image or
the correction image. Accordingly, noise such as ringing caused through image processing can be reduced, whereby
an image having excellent image quality can be obtained.

[0050] In addition, with regard to the correction-image edge detection means according to Embodiment 1, a case in
which a Sobel filter is utilized for edge detection processing to perform edge detection has been explained; however,
the present invention is not limited thereto, and any means may be utilized as long as it can demonstrate the effect on
edge detection. Additionally, a case has been explained in which the filtering processing is performed both in the horizontal
direction and in the vertical direction; however, the filtering processing may be performed only in either one of these
directions. Furthermore, a case has been explained in which the edge detection processing is applied to a luminance
signal; however, color-difference signals or R,G, and B signals may be utilized, and a combination of information pieces
about these colors may be utilized.
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[0051] In addition, with regard to the first edge-determination means according to Embodiment 1, a case in which a
threshold value is set based on the absolute value of an edge-detected correction image so as to perform edge detection
processing has been explained; however, the present invention is not limited thereto, and any means may be utilized
as long as it can demonstrate the same effect. Additionally, the pixel value of a pixel that is determined to be noise and
the pixel value of a pixel that is an original edge portion of the image are indicated "1" and "0", respectively; however,
these pixels may be indicated the other way around. Furthermore, the first edge-determination means may output the
signal only in the case where the pixel value is indicated "1" or in the case where the pixel value is indicated "0”.
[0052] Additionally, a case in which the edge detection processing, the edge determination processing, and the image
output processing are performed per pixel has been explained; however, each of these processing items may be per-
formed per predetermined region such as a macro block or a block. In this case, the average value of the pixel values
of all the pixels, or the pixel value of the representative pixel, in the predetermined region is utilized.

[0053] Additionally, a method in which processing is performed by use of an image edge has been explained; however,
anything, other than an edge, which indicates the characteristics of an image may be utilized.

[0054] The image processing device 10 according to Embodiment 1 can be applied to the correction of an image
shake caused by a hand jiggle; however, the image processing device 10 can be applied to other image shakes than
the one caused by a hand jiggle; moreover, the image processing device 10 can also be applied, for example, to an
image shake caused by the movement of the image-capturing system itself.

Embodiment 2

[0055] An image processing device 20 according to Embodiment 2 is configured by adding an input-image edge
detection means 204 to the image processing device 10 according to Embodiment 1. Additionally, as a constituent
element corresponding to the first edge determination’ means 105, a second edge determination means 205 is included.
The second edge determination means 205 performs edge determination processing, based on the output from the
input-image edge detection means 204 and the output from the correction-image edge detection means 104.

[0056] FIG. 5 is a block diagram illustrating the configuration of the image processing device 20 according to Embod-
iment 2. In FIG. 5, constituent elements indicated by the same reference numerals as those in FIG. 1 are identical to or
equivalent to the constituent elements in the image processing device 10 according to Embodiment 1.

<Input-lmage Edge Detection Means>

[0057] In the first place, the input-image edge detection means 204 will be explained. The input-image edge detection
means 204 performs edge detection processing for detecting edge components in an input image and outputs an edge-
component-detected image (referred to as an "edge-detected input image", hereinafter). In addition, the edge detection
processing performed by the input-image edge detection means 204 is similar to the edge detection processing, described
in Embodiment 1, performed by the correction-image edge detection means 104:

[0058] That is to say, after obtaining a horizontal-direction edge component ImgH2 and a vertical-direction edge
component ImgV2 for each pixel, the input-image edge detection means 204 outputs an edge-detected input image
ImgS2 represented by Equation (12).

ImgS2 =abs(ImgH2)+abs(ImgV?2) (12)

<Second Edge Determination Means>

[0059] Next, the second edge determination means 205 will be explained. The second edge determination unit 205
performs, for each pixel, edge determination processing for determining whether a specific pixel includes noise or whether
the specific pixel is a pixel for an original edge portion of the image, based on an edge-detected input image outputted
from the input-image edge detection means 204 and an edge-detected input image outputted from the correction-image
edge detection means 104.

[0060] The edge determination processing by the second edge-determination means 205 is performed in such process-
ing as described below. Firstly, the edge-detected correction image ImgS1 and the first threshold value thre_res are
compared. Furthermore, the edge-detected input image ImgS2 and a second threshold value thre_deg are compared.
Then, when Equation (13) is satisfied, i.e., only in the case where both the edge-detected correction image and the
edge-detected input image are smaller than the corresponding threshold values, the second determination means 204
determines a specific pixel to be noise caused through the image processing by the image correction means 102 and
then outputs the pixel value "1" for the specific pixel. In contrast, in other cases, the second edge-determination means
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205 outputs the pixel value "0".

[0061] In other words, the second determination means 204 determines only the pixels, which fall within the region 1
situated left to the first threshold value thre_res in FIGS. 4(a) and 4(b) with the ordinate denoting the number of pixels
and the abscissa denoting the edge-detected correction image ImgS1 and fall within the region 1 situated left to the
second threshold value thre_deg in FIGS. 6(a) and 6(b) with the ordinate denoting the number of pixels and the abscissa
denoting the edge-detected input image ImgS2, to be noise caused through the correction processing by the image
correction means 102, and then outputs the pixel value "1" for each of those pixels.

ImgS1<thre_res, and, ImgS2<thre_deg (13)

[0062] The reason why the above processing method has been employed is explained below. That is to say, in the
case where the edge-detected input image ImgS2 is larger than the second threshold value thre_deg, the pixel can be
considered to be an original edge portion of the image. However, in some cases, the edge-detected correction image
ImgS1 with regard to the pixel is smaller than the first threshold value thre_res. In such cases, if, as is the case with
Embodiment 1, the output image is decided based on the relationship between the edge-detected correction image
ImgS1 and the first threshold value thre_res, the input image having an image shake may be outputted. Accordingly,
although noise such as ringing in the output image is reduced, a blur may be caused at the periphery of the image, due
to the image shake.

[0063] In Embodiment 2, in consideration of the foregoing cases, for the pixel that is determined to be an original edge
portion of the image, i.e., the pixel whose edge-detected input image ImgS2 is larger than the second threshold value
thre_deg, not the input image that may include an image shake, but the correction image in which the image shake has
been reduced is outputted, whereby the image quality of the output image is enhanced.

[0064] In addition, as is the case with Embodiment 1, for the pixel corresponding to the pixel value "1", the image
outputting means 106 selects the inputimage stored in the input-image frame memory 101 and for the pixel corresponding
to the pixel value "0", selects the correction image stored in the correction-image frame memory 103; then, the image
output means 106 outputs the selected input and correction images, as an output image. In other words, what is outputted
from the second edge-determination means 205 is a binarized image, which is binarized.

[0065] As described above, the image processing device 20 according to Embodiment 2 performs the edge determi-
nation processing, based on a correction image and an input image. Accordingly, a correction image is outputted at an
original edge portion of the image; therefore, an output image having improved image quality can be obtained.

[0066] In addition, the method of deciding the second threshold value thre_deg may be the same as the method, of
deciding the first threshold value thre_res, which has been explained in Embodiment 1.

[0067] Additionally, a case in which, as is the case with Embodiment 1, threshold values are set so as to perform the
edge detection processing has been explained; however, the present invention is not limited thereto, and any means
may be utilized as long as it can demonstrate the same effect. Additionally, the pixel that is determined to be noise and
the pixel that is an original edge portion of the image are indicated "1" and "0", respectively; however, these pixels may
be indicated the other way around. Furthermore, the signal may be outputted only in the case where the pixel value is
indicated "1" or in the case where the pixel value is indicated "0".

Embodiment 3

[0068] Animage processing device 30 according to Embodiment 3 is configured by adding a first selection-information
changing means 307 to the image processing device 20 according to Embodiment 2. The first selection-information
changing means 307 appropriately changes selection information outputted from the second edge determination means
205 and outputs the changed information to the image outputting means 106. Then, the image outputting means 106
selects and outputs an input image or a correction image, based on the changed information.

[0069] FIG. 7 is a block diagram illustrating the configuration of an image processing device 30 according to Embod-
iment 3. In FIG. 7, constituent elements indicated by the same reference numerals as those in FIG. 5 are identical to or
equivalent to the constituent elements in the image processing device 20 according to Embodiment 2.

<First Selection-Information Changing Means>
[0070] In the first place, the first selection-information changing means 307 will be explained. As explained in Embod-

iment 2, in the second edge determination means 205, the edge determination is performed based on an edge-detected
input image and an edge-detected correction image. On this occasion, in a group of pixels that are determined to be
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within an original edge portion of the image, for example, only one pixel (referred to as an "isolated pixel", hereinafter)
that is determined to be noise may intrude. In this case, the output image is in such a way that the input image intrudes
in the correction image; therefore, the input image, i.e., the isolated pixel may visually be determined to be noise. The
first selection-information changing means 307 performs isolated-pixel elimination processing for eliminating the isolated
pixel.

[0071] Theisolated-pixel elimination processing by the first selection-information changing means 307 will be explained
below. In the first place, as explained in Embodiment 2, the second edge determination means 205 outputs selection
information in which the pixel that is determined to be noise and the pixel that is an original edge portion of the image
are indicated "1" and "0", respectively.

[0072] The first selection-information changing means 307 performs filtering processing by use of a median filter. In
addition, a median filter is to detect the pixel values of pixels within a set region and then selects the pixel value of the
pixels that account for the majority. For example, in the case where the set region for the median filter is 3 pixels in
height by 3 pixels in width and the pixel values in the region are {0, 0, 0, 0, 0, 1, 1, 1, 1}, five pixels having the pixel value
"0" and four pixels having the pixel value "1" exist; thus, after the filtering processing through the median filter, all the
pixel values become "0". As described above, the first selection-information changing means 307 eliminates an isolated
pixel, by use of a median filter.

[0073] In other words, the first selection-information changing means 307 changes a binarized image, i.e., selection
information, outputted from the second edge determination means 205, with reference to selection information pieces
on other pixels, and outputs the changed information.

[0074] As described above, the image processing device 30 according to Embodiment 3 eliminates an isolated pixel,
by use of the first selection-information changing means 307. As aresult, the image quality of an outputimage is enhanced.
[0075] In addition, as the median filter utilized in the first selection-information changing means 307, a median filter
having a size of 3 pixels in height by 3 pixels in width has been explained; however, the present invention is not limited
thereto, and a median filter, e.g., of 19 pixels in height by 19 pixels in width may be utilized. Moreover, the median filter
may have a shape other than a rectangle.

[0076] Still moreover, any other means than a median filter may be utilized as long as it can eliminate an isolated pixel.
[0077] Inaddition, it has been explained that the image processing device 30 is configured by adding the first selection-
information changing means 307 to the image processing device 20 according to Embodiment 2; however, the image
processing device 30 may be configured by adding the first selection-information changing means 307 to the image
processing device 10 according to Embodiment 1.

Embodiment 4

[0078] An image processing device 40 according to Embodiment 4 is configured by adding a second selection-infor-
mation changing means 407 to the image processing device 20 according to Embodiment 2. Additionally, the part
corresponding to the image outputting means 106 is configured with a first gain controller 409, a second gain controller
410, and an adder 411.

[0079] FIG. 8is a block diagram illustrating the configuration of the image processing device 40 according to Embod-
iment 4. In FIG. 8, constituent elements indicated by the same reference numerals as those in FIG. 5 are identical to or
equivalent to the constituent elements in the image processing device 20 according to Embodiment 2.

<Second Selection-Information Changing Means>

[0080] In the first place, the second selection-information changing means 407 will be explained. As explained in
Embodiment 3, an isolated pixel may intrude in a binarized image outputted from the second edge determination means
205. The second selection-information changing means 407 performs isolated-pixel elimination processing for eliminating
the isolated pixel; it performs lowpass-filter processing as the isolated-pixel elimination processing. For example, in the
case where the pixel values are {0, 1, 0, 1, 1, 0} and a three-tap lowpass filter is utilized, the pixel values after the filter
processing become {0.25, 0.5, 0.5, 0.75, 0.75, 0.25}. In other words, the binarized image outputted from the second
edge determination means 205 is converted by the second selection-information changing means 407 into a grayscale
image in which pixel values are real numbers K;; from O to 1. In addition, "i", "j" indicate the position of a pixel. That is
to say, the second selection-information changing means 407 changes a binarized image, i.e., selection information,
outputted from the second edge determination means 205, with reference to selection information pieces on other pixels,
and outputs the changed information.

<First and Second Gain Controllers and Adder>

[0081] Next, the first gain controller (a first image-outputting device) 408, the second gain controller (a second image-

10



10

15

20

25

30

35

40

45

50

55

EP 1 876 564 A1

outputting device) 409, and the adder (a third image-outputting device) 411 will be explained. K; ; j outputted from the
second selection-information changing means 407 is inputted to the first gain controller 408. Add|t|onaIIy, 1- KIJ is
inputted to the second gain controller 409. Here, letting Imgln denote the pixel value of the input image at the coordinates
(i, j) and ImgC denote the pixel value of the correction |mage at the coordinates (i, j), the processing represented by
Equation (14) is performed in the first gain controller 408. In contrast, the processing represented by Equation (15) is
performed in the second gain controller 409.

ImgC',',=ImgC;,*K,i (1 4)

Imgln'y=Imgln;* (1-K;) | (15)

[0082] Then, the filtered input-image value ImglIn’ij and the filtered correction-image value ImgC’ij are outputted to the
adder 411. In the adder 411, the filtered input-image value Imgin’ij and the filtered correction-image value ImgC’ij are
added, and then the sum is clipped in accordance with the number of bits for an output image and rounded to a whole
number, so that the output image is outputted.

ImgOut=clip (ImglI'; imgC';) _ (16)

[0083] That is to say, the first gain controller 408 functions as the first image-outputting device for correcting the
correction image, with reference to changed information outputted from the second selection-information changing
means 407, and outputting the corrected correction image. Additionally, the second gain controller 409 functions as the
second image-outputting device for correcting the input image, with reference to changed information outputted from
the second selection-information changing means 407, and outputting the corrected input image. Additionally, the adder
411 functions as the third image-outputting device for adding the corrected correction image outputted from the first gain
controller 408 and the corrected input image outputted from the second gain controller 409 and then outputting an output
image.

[0084] The selection information inputted to the second selection-information changing means 407 is binarized infor-
mation consisting of "0" and "1"; however, the second selection-information changing means 407 may regard the binarized
information as integers for a great number of gradations, e.g., integers for 256 gradations so as to perform therein
lowpass-filter processing. That is to say, the second selection-information changing means 407 projects "0" to "0" and
"1" to "255" so as to perform the lowpass-filter processing. Additionally, the filtering processing may be performed through
a floating-point calculation or may approximately be performed through an integer calculation. In particular, the filtering
processing through the integer calculation enables the speed of the filtering processing to be enhanced.

[0085] In addition, in the case where the projection to 256 gradations is performed, real-number creation processing
for making K;j; and [1 - K ] outputted from the second selection-information changing means 407 real numbers ranging
from "0" to "1" is required; therefore, the second selection-information changing means 407 projects "0" to "0" and "1"
to "255" and then outputs the projected figures.

[0086] In addition, in the foregoing description, in the case where the projection to 256 gradations is performed by the
second selection-information changing means 407, K; . and 1-K;; jare made real and then outputted; however, K. and
1 - Kj; may be made real in such a way that no real- number creatlon processing is performed in the second selectlon-
|nformat|on changing means 407, and K;; and 1 - K; ;, as the original integers from "0" to "255", are outputted directly to
the first gain controller 408 and the second gain controller 409, respectively, and then the integers are divided by 255
in the corresponding gain controllers.

[0087] As described above, the image processing device 40 according to Embodiment 4 performs the isolated-pixel
elimination processing by use of a lowpass filter; therefore, the effect of the isolated-pixel elimination processing can be
dispersed on the adjacent pixels, whereby the image quality of an output image is enhanced.

[0088] In addition, in Embodiment 4, a case in which, as the isolated-pixel elimination processing, lowpass-filter
processing is utilized has been explained; however, the present invention is not limited thereto, and any means may be
utilized as long as it can also demonstrate the effect of eliminating an isolated pixel.

[0089] Moreover, it has been explained that, from the second selection-information changing means 407, Ki,j is out-
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putted to the first gain controller 408 and 1- Ki; is outputted to the second gain controller 409; however, only K;; may be
outputted from the second selection-information changing means 407 and calculated with 1 - Ki,j in the second gain
controller 409.

[0090] Still moreover, it has been explained that the image processing device 40 is configured by adding the second
selection-information changing means 407 and the like to the image processing device 20 according to Embodiment 2
so as to make replacement; however, the application can be implemented in the image processing device 10 according
to Embodiment 1.

Claims
1. Animage processing device comprising:

an image correction means for applying image-shake correction processing to an input image;

a correction-image characteristic detection means for detecting a characteristic of a correction image obtained
through the image-shake correction processing;

afirst characteristic-determination means for outputting selection information, based on a characteristic-detected
correction image obtained through detection of the characteristic; and

an image outputting means for outputting the input image or the correction image, based on the selection
information.

2. Animage processing device comprising:

an image correction means for applying image-shake correction processing to an input image;

a correction-image characteristic detection means for detecting a characteristic of a correction image obtained
through the image-shake correction processing;

an input-image characteristic detection means for detecting a characteristic of the input image;

a second characteristic-determination means for outputting selection information, based on a characteristic-
detected correction image obtained through detection of the characteristic of the correction image and a char-
acteristic-detected input image obtained through detection of the characteristic of the input image; and

an image outputting means for outputting the input image or the correction image, based on the selection
information.

3. Theimage processing device according to any one of claims 1 and 2, further comprising a first selection-information
changing means for outputting changed information obtained by changing the selection information, wherein the
image outputting means outputs the input image or the correction image, based on the changed information.

4. Animage processing device comprising:

an image correction means for applying image-shake correction processing to an input image;

a correction-image characteristic detection means for detecting a characteristic of a correction image obtained
through the image-shake correction processing;

afirst characteristic-determination means for outputting selection information, based on a characteristic-detected
correction image obtained through detection of the characteristic of the correction image;

a second selection-information changing means for outputting changed information obtained by changing the
selection information;

a first image outputting device for correcting and then outputting the input image, based on the changed infor-
mation;

a second image outputting device for correcting and then outputting the correction image, based on the changed
information; and

a third image outputting device for outputting an output image, based on the corrected input image and the
corrected image of the correction image.

5. The image processing device according to any one of claims 1, 2, and 4, wherein the characteristic of an image is
information on edges of the image.

6. The image processing device according to any one of claims 1, 2, and 4, wherein the detection of the characteristic
of an image is performed for each of predetermined regions that configure the image.
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The image processing device according to claim 6, wherein the predetermined region is a pixel.

The image processing device according to claim 1, wherein the selection information is a result of comparison
between the characteristic-detected correction image and a first threshold value, and the image outputting means
outputs the input image in the case where the selection information indicates that the characteristic-detected cor-
rection image is the same as or smaller than the first threshold value and the correction image in the case where
the selection information indicates that the characteristic-detected correction image is the same as or larger than
the first threshold value.

The image processing device according to claim 2, wherein the selection information is results of comparisons
between the characteristic-detected correction image and a first threshold value and between the characteristic-
detected input image and a second threshold value, and the image outputting means outputs the input image in the
case where the selection information indicates that the characteristic-detected correction image is the same as or
smaller than the first threshold value and the characteristic-detected input image is the same as or smaller than the
second threshold value and the correction image in the case where the selection information indicates that the
characteristic-detected correction image is the same as or larger than the first threshold value or the characteristic-
detected input image is the same as or larger than the second threshold value.

The image processing device according to claim 3, wherein the first selection-information changing means changes
selection information on a predetermined region that is a subject of processing, with reference to selection information
on a predetermined region other than the subject of processing.

The image processing device according to claim 10, wherein the first selection-information changing means performs
filtering processing by use of a median filter.

The image processing device according to claim 4, wherein the second selection-information changing means
changes selection information on a predetermined region that is a subject of processing, with reference to selection
information on a predetermined region other than the subject of processing.

The image processing device according to claim 12, wherein the second selection-information changing means
performs lowpass-filter processing.

An image processing method comprising:

an image correction step of applying image-shake correction processing to an input image;

a correction-image characteristic detection step of detecting a characteristic of a correction image obtained
through the image-shake correction processing;

an input-image characteristic detection step of detecting a characteristic of the input image;

a second characteristic-determination step of outputting selection information, based on a characteristic-de-
tected correction image obtained through detection of the characteristic of the correction image and a charac-
teristic-detected input image obtained through detection of the characteristic of the input image; and
animage outputting step of outputting the inputimage or the correction image, based on the selection information.

An image processing method comprising:

an image correction step of applying image-shake correction processing to an input image;

a correction-image characteristic detection step of detecting a characteristic of a correction image obtained
through the image-shake correction processing;

an input-image characteristic detection step of detecting a characteristic of the input image;

a second characteristic-determination step of outputting selection information, based on a characteristic-de-
tected correction image obtained through detection of the characteristic of the correction image and a charac-
teristic-detected input image obtained through detection of the characteristic of the input image; and
animage outputting step of outputting the inputimage or the correction image, based on the selection information.

The image processing device according to any one of claims 14 and 15, further comprising a first selection-information

changing step of outputting changed information obtained by changing the selection information, wherein the image
outputting step outputs the input image or the correction image, based on the changed information.
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17. An image processing method comprising:

an image correction step of applying image-shake correction processing to an input image;

a correction-image characteristic detection step of detecting a characteristic of a correction image obtained
through the image-shake correction processing;

a first characteristic-determination step of outputting selection information, based on a characteristic-detected
correction image obtained through detection of the characteristic of the correction image;

a second selection-information changing step of outputting changed information obtained by changing the
selection information;

afirstimage outputting step of correcting and then outputting the inputimage, based on the changed information;
a second image outputting step of correcting and then outputting the correction image, based on the changed
information; and

a third image outputting step of outputting an outputimage, based on the corrected inputimage and the corrected
correction image.

18. An information terminal equipped with the image processing device according to claim 1.
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